In addressed approach, the information of the enterprise, which is working with DM and its rivals' information in different criteria, is regarded as input data and weighting of these criteria and ranking of those suppliers are conducted through a suggested algorithm.
Introduction. Multi Criteria Decision Making Techniques
Multi Criteria Decision Making problem (MCDM) is a branch of Operation Research (OR) ,which deals with procedures and techniques to assist a Decision Maker (DM) to have the best solution in his/her problem. MCDM methods have been implemented frequently in terms of solving different problems in both of certain and uncertain environments. One of the most important characteristics of solution method is brought preference information elicited from DM as well as their kind of these information asked from DM (Ignizio & Cavalier, 1994) . Generally there are two sorts of techniques applied to solve decision making problems. Some of them are matched with problems with a number of limited alternatives; on the other hand, some applied methods are demonstrating continuous solution spaces. Methods such as AHP (Analytic Hierarchy Process) (Saaty, 1988) and outranking methods (Benayoun et al., 1966; Roy, 1971) are categorized in the first group. Among the techniques with continuous solution spaces, goal programming (Lee, 1972; Ignizio, 1976) and fuzzy programming (Zimmermann, 1985) are regarded as the most prevalent methods. (Podvezko & Podviezko, 2010) suggested a model in terms of the relation of choice of the preference function and their parameters with multi-criteria appraisement results.
Let's consider we have some information about our scores in different criteria and projects as well as our rival's information. First of all, the importance of these criteria should be examined and after that by the use of one of the ranking techniques, we can make a deduction about our position among our rivals in a certain project. In this paper, a new approach has been presented in terms of ranking the alternatives in a competitive environment. In today world, we are facing with different uncertain aspects due to having incomplete information about them. Thus, a necessity of use of theory of fuzzy introduced by (Zadeh, 1965) is inevitable. Even though certain criteria are expressed in quantitative preferences, some of them are stated in a qualitative observation, which should be interpreted quantitatively. To be in a competitive environment, one of the applications of Linear Physical Programming (LPP) method has been utilized to elicit the weights of criteria. LPP intends to take two important actions: firstly, to employ typically available information and secondly, help DM to tackle the dubious task of choosing weights. Initially, weights of criteria are calculated by the use of this method. This method deals with several objectives in a way that only requires DM to -311 -specify meaningful targets. DM only needs to specify desirability ranges for each design metric, not those meaningless weights, which make this approach very userfriendly. The main contribution of the proposed approach is that weights of criteria are brought according to information related to rivals (information will be changed to scores for quantifying comparisons) and DM's opinions as well. Consequently, normalization process is carried out to extract the weights of defined criteria. In former works like AHP and so on, there was least attention given to the position of rivals and DM's opinions were considered the only gauge for calculating the weights of criteria. This deficiency is responded properly in the proposed approach. Finally, according to the weights of defined criteria and brought scores that belong to companies, one of the outranking methods is exerted to rank our situation among our rivals in a specific situation. Preference Ranking Organization Method for Enrichment Evaluation (PROMETHEE) is mentioned as one of the most efficient and suitable ranking methods (Geldermann et al., 2000) . Flexibility and simplicity of this outranking method makes it more desirable for its users (Geldermann et al., 2000) . PROMETHEE technique has been used repeatedly in various fields like portfolio selection problems (Rudolf & Vetschera, 2011) and etc. F (fuzzy)-PROMETHEE is an extension of PROMETHEE under dominance of fuzzy environment. By use of F-PROMETHEE, these alternatives are ranked from the best to worst, and decision making process will be facilitated for DM. In our approach, information of an enterprise, which is working with DM and its rivals' information in different criteria, is regarded as input data and weighting of these criteria and ranking of those suppliers are conducted through a suggested algorithm. It is clear that precise information is classified as secret profiles of companies and there is only the possibility of estimating of this information to elicit their status in defined criteria. Hence, lack of information as well as being in an uncertain environment leads us to the use of fuzzy techniques. To summarize the proposed procedure: a new integrated approach for solving a supplier selection problem was presented; LPP method was applied to calculate weights of defined criteria in mentioned problem and F-PROMETHEE technique, as an outranking method, was implemented to rank suppliers
The research objective: To present an integrated approach for solving a supplier selection problem.
The research problem: Ranking of suppliers in a competitive environment by the use of proposed approach.
The research method: Techniques are elicited from comparative analysis of literature, synthesis, and deductions. This paper embodies four notable sections: first of all, some reviews about related works and applied algorithms to solve supplier selection problems are stated. In section two some explanations about the applied methods are presented. The third section is devoted to a numerical example to become more familiar with a practical use of the stated approach. Conclusion is made in the fourth part of this article.
Literature review
Supplier (vendor) selection is a significant issue in supply chain management (SCM) field for many enterprises, therefore its objective is an identification of suppliers with the highest capability of responding desirably to firm's needs. Basically, there are two dimensions in the issue of the supplier selection problem: first dimension is a specification of criteria used for evaluation of suppliers, and the other one is an applied procedure or method to rank these suppliers. Evaluation of a supplier depends on several factors. Some criteria such as price, quality, delivery, reputation are frequently selected for comparison and appraisement (Swift, 1995) . These criteria can influence the outcome of the decision-making process for vendor selection and they can also affect each other. An appropriate supplier may become and develop into a cooperative and long term partnership in SCM for DM's interests, which can help the growth of a corporation and can be crucial to the success of the DM's business. Hence, systematic and effective procedure or technique to select the most efficient supplier is compulsory. There is a great number of works in the domain of supplier selection problems and evaluations of companies. First of all, let's take a look at the former works in terms of criteria selection for solving a supplier selection problem. (Swift, 1995) summarized five factors for supplier selection from the view of preference for single sourcing or for multiple sourcing. These 5 factors are product, availability, dependability, experience, and price. (Choi & Hartley, 1996) selected National Association of Purchasing Managers (NAPM) membership list, Ohio Manufacturers List, and Japanese Automotive Supplier Directory as the objects of surveying to investigate the supplier selectioncriteria. They summarized 26 criteria for supplier selection. After factor analysis, there were 26 criteria integrated into eight factors: finances, consistency, relationship, flexibility, technological capability, customer service, reliability, and price. In this article, six criteria have been determined to solve a supplier selection problem. They are namely called cost, design and development ability, performance history, flexibility of companies in preparation of demand, on time delivery percentage, quality and goodness of products. After choosing the criteria, we are supposed to pick out an algorithm to rank the suppliers. Ho et al., (2010) analyzed multi criteria decision making (MCDM) approaches for supplier selection based on journal articles from 2000 to 2008. (Chen et al., 2006) proposed a fuzzy multiple criteria decision-making method to cope with supplier selection problems, and to use TOPSIS (Hwang & Yoon, 1981) to determine the ranking order of all suppliers. Li, (Yamaguchi & Nagai, 2007) proposed a gray-based approach to deal with the supplier selection problem. (Araz & Ozkarahan, 2007) introduced PROMETHEE (Brans & Vincke, 1985; Brans et al., 1986) methodology to evaluate suppliers for strategic sourcing, in which suppliers are evaluated regarding to supplier's co-design capabilities and categorized based on overall performances. (Ghodsypour & O'Brien, 2001 ) formulated a mixed integer non-linear programming model to solve the multi-criteria sourcing problem. The model was created to determine the optimal allocation of products to suppliers so that the total annual purchasing cost could be minimized. (Jain et al., 2004) suggested a fuzzy based approach for supplier selection. The authors mentioned that it might be hard for an expert to define a complete rule set for assessment of the supplier performance. GA (genetic algorithm) was therefore implemented to generate a number of rules inside the rule set according to the essence and type of the priorities associated with the products and their supplier's attributes. (Rezaei & Davoodi, 2012 ) used a nonlinear physical programming algorithm to solve a problem according to determined criteria. (Liu & Zhang, 2011) addressed the extension of ELECTRE, called ELECTRE-III, with entropy weights. (Vahdani et al., 2010) considered interval values as decision information in the application of ELECTRE. (Montazer et al., 2009; Sevkli, 2010) extended ELECTRE for supplier selection when triangular fuzzy values provided the decision information. (Che et al., 2011) integrated PROMETHEE with the extended fuzzy concept and studied a case of information system (IS) outsourcing under triangular fuzzy environments. (Buyukozkan & Cifci, 2012) proposed a new integrated approach for green supplier selection by the combination of TOPSIS and ANP techniques. (Zolfani et al., 2012) proposed a hybrid MCDM model encompassing AHP and COPRAS-G methods for selecting company supplier. In the other work in supply chain management domain (Smeureanu et al., 2012) presented Intelligent agents and risk based model for supply chain management.
Methodology: Calculations related to weights of criteria
Linear Physical Programming (LPP) technique is considered as one of the multi objective optimization techniques that have been implemented numerously in various fields (Maria et al., 2003; Messac & IsmailYahaya, 2002; Messac, 1998 , Melachrinoudis et al., 2000 . LPP divides the value of objective into some continuous regions to express preference for each criterion, and obtains preference function from piecewise spline segment interpolation. Detailed information about this method can be found in the references (Messac, 1996; . In this method, Decision Maker (DM) states his/her preferences according to each criterion by using 4 classes. Figure 1 illustrates these classes and qualitative and quantitative meaning of them.
Let's consider is the decision vector and is the generic linear objective function. Horizontal axis reflects the value of objective function and vertical axis demonstrates the penalty function for specific criterion. A higher quantity of means that more urgent conducts should be done to improve the objective function and function should be minimized. One of the desirable characteristics of LPP is that it allows DM to express his/her preferences regarding to each criterion with more specificity and flexibility than by simply saying minimize, maximize, greater than, less than, or equal to (Maria et al., 2003) . For instance, let's examine the case of Class S1. In this paper, LPP is used to determine the weights of our criteria in our numerical example. By the use of classes S1 and S2, the value of can be defined as follows. It has been supposed that has a constant quantity for each criterion in this article.
Be defined as follows. Set , then, 
Ranking of suppliers
Next stage is the implementation of one of the ranking methods to elicit the situations of the suppliers. In this paper, one of the outranking methods called PROMETHHE has been executed to rank the suppliers according to their performances in defined criteria. PROMETHHE was introduced by (Brans & Vincke, 1985) and later extended by (Brans & Mareschal, 1994) . It is considered as one of the outranking methods. This technique is regarded as a reaction to complete aggregation (MAUT) methods (Macharis et al., 2004) and is one of the intuitive methods of MCDM, which is so much intelligible for DM (Ballis & Mavrotas, 2007) .
For the use of this MADM technique, four following steps are carried out:
1. A table has to be formed that includes specific alternatives as well as certain criteria for assessment.
2. Preference function should be defined that states deviation between two alternatives on a particular criterion into a preference degree ranging 0 to 1. 3. Choosing of one of the six possible shapes of preference functions put forward by Brans et al (1986) (usual shape, U-shape function, V-shape function, level function, linear function and Gaussian function) ( )
( ) ( ) jj f a f b  expresses the deviation score of two alternatives on a certain criterion.
4. By knowing the weights of criteria calculated in the previous part, we define the following formulas:
(11) and represent positive and negative preference flow for each alternative, which measure how an alternative (a) is out ranking (formula 8) or out ranked (formula 9).
(formula 10) displays the value function and alternative (a) will be more attractive, if its value function has a higher amount.
In partial ranking, we face with three situations in terms of superiority of alternative (a) to alternative (b) (formula 12), being indifferent two alternatives (formula 13), being incomparable two alternatives (formula 14) (Brans, 1985) .
On the other hand by use of , we only measure the net  and it will be our main evaluation application for decision making. Every alternative, which has a higher net  has a better position in an ultimate ranking, and we have a complete ranking. When DM states his/her experiences and considerations in linguistic terms as input data, the obscurity and fuzziness are taking place. In such circumstances, probability of making a mistake in our assessment arises incredibly. The solution is the use of F-PROMETHHE that is the combination of fuzziness and PROMETHEE.
In this paper, F-PROMETHE is implemented as it was suggested by (Goumas & Ligero 2000) . The procedures of F-PROMETHEE are the same as of PROMETHEE, but fuzzy logic gets involved in this methodology as well. By using this technique, it will be easier for DM to interpret his/her qualitative attitudes and information to mathematical expressions.
is the presentation of a fuzzy number, which is shown in Figure 2 . In our paper, Weights of criteria are brought by application of LPP method and preference thresholds are crisp numbers. According to the properties of our MCDM problem (in our case supplier selection problem), linear preference function (type 5) with indifferences and stringent preference thresholds is our best choice to be employed.
In F-PROMETHEE exhibits the differences between two fuzzy numbers of that result in a fuzzy number. Above equations are transformed to the following equations respectively; Essential formulas for basic computations with fuzzy number are characterized in Table 1 .
Eventually, in application of F-PROMETHEE, we are given some fuzzy numbers. According to the mentioned computations, value of will be calculated. Right now, this fuzzy numbers should be changed to the defuzzy forms according to following formula introduced by (Zadeh, 1965 
Numerical Example
In this section, a decision making problem is put forward in a competitive environment to discern practicality of the proposed approach more properly.
Let's consider we have a following information about our (a company, which is working with DM) scores in comparison with our five (A, B, C, D, E) rivals in various criteria. These criteria are (1, 2, 3, 4, 5, 6). LPP paradigm is introduced according to DM's wishes to: 1. Minimize Cost, 2. Maximize Design and development ability, 3. Maximize Performance History, 4.Maximize the Flexibility of companies in preparation of demands, 5. Maximize On time delivery percentage, 6. Maximize Quality and goodness of products. They have been stated in a style of fuzzy numbers, and they are transformed to form of crisp numbers. Table 2 represents our fuzzy scores as well as our rivals in specific criteria in a defined supplier selection problem.
.. Some of the criteria are quantitative that have been transformed to have an amount among [1, 10] inclusively in this numerical example. On the other hand, a number of criteria is qualitative and after being quantified, we will have a quantity among [1, 10], inclusively. There is a point that, when we are dealing with great quantities in a criterion, because of being and as denominator, attributed weight will have a low quantity. Contrarily, if there is low amount for a specific criterion, it results in a high quantity of the weight, which is wrongly interpreted as major importance of that criterion. Hence, the scale of a criterion has great significance. Table 3 demonstrates the normalized fuzzy scores of each company that have quantities among [1, 10] for defined criteria in our specific supply selection problem.
According to fuzzy rules, this information is transformed to crisp numbers as depicted in the Table 4 .
As it was mentioned before, for obtaining of weights of criteria by LPP technique, essential ranges are described to achieve exact position of each input data in these brought intervals. Table 5 illustrates these intervals and Figure 3 depicts the applied Class Function regions for the generic -th objective in terms of two defined criteria (Cost, Design and Development) as an instance in our supply selection problem in a competitive environment. Initial data had been normalized before they changed into crisp numbers as it has been shown in Table 4 . For Cost as a criterion, which should be minimized, Class S1 is applied and supplier C had the best situation in this criterion.
Consequently, is considered as equal to cost of supplier C and , are equal to costs of suppliers B, E ,A, D, respectively. As it has been portrayed in Fig 3, the supplier, which is working with DM, has been situated in Tolerable zone and attributed weight to this criterion (Cost) is equal to the weight of Tolerable zone. According to formula 4, weights of criteria are calculated and following fuzzy numbers are elicited that have been shown in Table 6 . Then, they are altered to crisp numbers and eventually by the use of normalization, the attributed weights of criteria are attained. Table 7 represents the defuzzy weights of each criterion. Implementation of normalization process results in normalized deffuzy weights illustrated in Table 8 . DM's comments in terms of weights of criteria have been depicted in Table 9 . Final weight of each criterion is deducted by calculation of weighting average according to formula 6.
represents the significance degree of situation of rivals and is specified by decision maker. In this paper it has been supposed to be 0,6. Table 10 shows the final weight of each criterion. In this stage, F-PROMMETHEE, as a ranking method, was executed according to its related formulas. , and have been calculated according to the formulas 9, 10 and 11 respectively. To be more familiar with the applied procedures of the mentioned approach, Figure 5 has been drawn to explain the summarized approach for solving a supplier selection problem.
Conclusion
In this paper, a new integrated approach for solving a supplier selection problem was presented; LPP method was applied to calculate weights of defined criteria in the mentioned problem and F-PROMETHEE technique, as an outranking method, was implemented to rank the suppliers regarding to the brought s (which are related to the results of F-PROMETHEE method) of suppliers. Final ranking demonstrated that a supplier E had the best situation and performance among all the suppliers, and previous supplier, which cooperated with DM, has been ranked as a third place. Hence, it will be reasonable for DM to collaborate with a supplier E for tackling its needs. The stated approach has a great contribution in comparison with former approaches. In previous works, when a supply selection problem was put forward, determination of weights of criteria was assigned to DM. This dubious task was problematic for DM and his/her comments constitute the essence of attributed weights to defined criteria. Moreover, it could be resulted in ascribing an unrealistic degree of importance to criteria owing to negligence of other aspect in decision making process and lack of information in a competitive environment of today business. The neglected dimension, which has been accentuated in presented approach, was the role of rivals in decision making process to elicit the weights of criteria more realistically in a strict competitive environment.
The decision was made according to the information of suppliers as well as defined criteria. To summarize the great contribution of explained algorithm: paying attention to the situations of rivals in defined criteria as well as DM's comments in calculation of weights of criteria in a supply selection problem and competitive environment related to that.
In future works, the other ranking techniques such as fuzzy-TOPSIS. SWARA, and etc can be applied to elicit the position of each alternative. The proposed approach can be implemented in other cases in different fields.
